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Interplay between endocrinology, metabolism and

COVID-19 infection
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There are more than 170 million confirmed cases of COVID-19
worldwide, yet its effects on the endocrine system remain
under-reported due to lack of awareness by the public,
primary care givers and specialists. This is a narrative review
using up-to-date literature discussing the consequences that
infection with SARS-CoV-2 can have on diabetes and the
endocrine glands including the adrenals, thyroid and pituitary,
as well as hyponatremia and hypogonadism. Endocrinologists,
internists and primary care physicians need to be aware of
the involvement of the endocrine organs when dealing with
people recovering from COVID-19 and actively manage any
complications to reduce mortality and improve the quality of
life of those affected.
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Introduction

SARS-CoV-2 is a coronavirus that causes COVID-19 and was first
reported in December 2019 in China. In March 2020, the World
Health Organization (WHO) declared it a global pandemic. As

of 5May 2021, there have been 153,738,171 confirmed cases

of COVID-19 globally, with 3,217,281 deaths.! In the UK, the
numbers have been staggering, with over 4.4 million people
contracting the disease and more than 151,000 fatalities.? Acute
respiratory failure and sepsis are the main causes of death in
COVID-19.

Like the alveolar epithelial cells found in the lungs, which express
ACE2 receptors, endocrine organs also express this receptor.>™
ACE2 receptors facilitate SARS-CoV-2 attachment and therefore
entry into the cell. The virus then induces cell damage via release
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of proinflammatory cytokines such as TNF-alpha, IFN-gamma,
IL6 and acute phase reactants like ferritin, CRP and D-dimer.”

It is possible that the effects of SARS-CoV-2 on the endocrine
system is underreported due to lack of awareness by the public,
primary care givers and specialists, and we are still learning about
the damaging effects of the virus on the endocrine organs.

This article is a narrative review of the literature available, up
to early 2021, about the interplay between SARS-CoV-2 and the
endocrine system. The authors would like to point out that this is a
rapidly moving field with new evidence constantly emerging.

Evidence used in this review

We conducted a search in MEDLINE using search terms
‘endocrine,” ‘pituitary,” ‘thyroid,” ‘adrenal,” ‘testes,” ‘diabetes,’
‘pancreas,” ‘hyponatraemia,” ‘COVID-19" and ‘SARS-CoV-2’

to identify studies published from 2019 to 2021. We identified
systematic reviews, basic science publications, endocrine society
guidelines, case reports and autopsy-based histopathological
analysis published in English.

Hyperglycaemia and diabetes
Aetiology

The link between diabetes and SARS-CoV-2 is bidirectional. SARS-
CoV-2 can cause pancreatic damage through cytokine storm

in the pancreas resulting in pancreatic endocrine and exocrine
damage. The latter was demonstrated in a study on 67 patients
with severe COVID-19, with higher levels of amylase observed in
those with severe COVID-19 compared to mild cases.”

In a ‘catch-22’ situation, hyperglycaemia potentially exacerbates
the cytokine storm seen in individuals with COVID-19. COVID-19
patients with diabetes had higher IL6, C-reactive protein and
D-dimer levels than COVID-19 patients without diabetes.®®

Data from the COVID-19 population

COVID-19-related mortality varied depending on the type of
diabetes and the overall HbAlc. Adjusted for risk factors including
cerebrovascular disease and age, the odds ratio for hospital
COVID-19-related death was 2.86 for type 1 diabetes and 1.80
for type 2 diabetes."® Based on a population-based cohort study
of people diagnosed with diabetes in England, compared with
people with an HbA1c of 48 to 53 mmol/mol (6.5-7.0%), people
with an HbA1c of 86 mmol/mol (10.0%) or greater had higher
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COVID-19-related mortality (hazard ratio (HR) of 2.23 and 1.61 for
type 1 and type 2 diabetes, respectively).”!

COVID-19 poses a unique set of challenges for clinicians as
it may precipitate newly diagnosed diabetes and associated
complications as a result of endocrine failure due to progressive
destruction of the pancreas. In patients hospitalised for
COVID-19, 2.8% were found to have newly diagnosed diabetes.'?
In contrast, a systematic review of 110 patients with COVID-19
showed that 10% had newly diagnosed diabetes mellitus. In
this cohort, it also showed that the mortality rate of mixed
diabetic ketoacidosis (DKA) and hyperglycaemic hyperosmolar
state (HHS) group was higher than the DKA only group.’
Consequently, all patients admitted with COVID-19 should be
assessed for diabetes with a random blood glucose on admission
and an HbATc.

Management

Dexamethasone 6 mg for 10 days is recommended in COVID-19
patients who require oxygen therapy and has been shown to
reduce mortality rate by up to a third." However, such therapy
can exacerbate the pre-existing insulin resistance that occurs in
COVID-19 and can potentially precipitate hyperglycaemia, DKA
and HHS. Even after cessation of steroid therapy, it may be several
days before insulin resistance falls.

Consequently, optimal glucose control has been advocated in
inpatients in multiple international diabetes guidelines, with a
target blood glucose less than 10 to 12 mmol/L and to consider
variable rate insulin and/or intermediate acting insulin if target
glucose levels are not met.”'® Not uncommonly, large doses of
insulin may be required (1-2 units/kg) during acute admission,
even in those who were previously insulin naive. International
guidelines also stressed the need to highlight sick-day rules in a
person with diabetes through education on symptoms of high
glucose and encouraging them to check their blood glucose and
ketones more frequently when unwell."”'® They must never stop
their insulin and should have an ample supply of their regular
medications and equipment for glucose/ketone monitoring.

Treatment for diabetes and hypertension have been
discussed extensively in this pandemic, given that pioglitazone,
angiotensin-converting enzyme inhibitors (ACEI) and
angiotensin receptor blockers (ARBs) all boost expression of
ACE?2 levels, and are thought to possibly increase the risk of
SARS-CoV-2 viraemia. However, to date, there have been no
reports of higher mortality or morbidity in those treated with
these drugs and current guidance suggests continuing with
these medications.'2° However, metformin, sodium-glucose
co-transporter 2 (SGLT2) inhibitors and glucagon-like peptide-1
(GLP-1) receptor agonists may need to be stopped during illness
as it can potentiate dehydration and increase the risk of lactic
acidosis and DKA.?"?2

In vitro studies demonstrated immunosuppressive effects
of dipeptidyl peptidase-IV (DPP-1V) inhibitors and have been
suggested as a potential target in reducing the cytokine storm in
COVID-19.?* A UK observational cohort study looking at type 2
diabetes and COVID-19-related mortality found a non-significant
increase of COVID-19-related mortality in those prescribed with
DPP-1V inhibitors (HR 1.07); however, this was confounded by the
fact that this medication tends to be prescribed in older frailer
population.?
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Adrenal insufficiency

Aetiology

Adrenal insufficiency may be one of the manifestations

of COVID-19. The mechanism is thought to be due to the
hypercoagulable state of the infection that causes acute adrenal
infarction.

Adrenal insufficiency and COVID-19 have a bidirectional effect
on each other as patients with adrenal insufficiency are also at a
higher risk of infection. This may be explained by reduced cortisol
secretion in adrenal insufficiency. Cortisol mediates the immune
system through upregulating cytokines secreted by T helper 2
(TH2) cells, cells that produce antibodies against pathogens.?
Although not COVID-19 related, based on a retrospective
cohort study of 1,580 patients in the UK, patients with adrenal
insufficiency were at least twice to develop lower respiratory tract
infection.

Data from the COVID-19 population

Adrenal infarction was radiologically evident in at least one in
five patients based on a retrospective study of 219 patients
with critical and severe COVID-19 symptoms undergoing chest
CT.% Another mechanism that may cause adrenal insufficiency
is adrenocortical haemorrhage and necrosis, as demonstrated
in two post-mortem case series in patients with severe fatal
COVID-19.2728 However, with adequate patient education and
management, patients with adrenal insufficiency are not at

an increased risk of developing severe COVID-19 compared to
controls.?®

Management

Much of what we know about managing COVID-19 in patients
with adrenal insufficiency is guided by the Italian Society of
Endocrinology and European Society of Endocrinology and is
based on studies of critical illnesses.*®>" All patients with adrenal
insufficiency must be informed about sick-day rules and double
their steroid doses when they are unwell. In those with clinical
signs of adrenal insufficiency and COVID-19, an oral stress dose
cover with 20 mg immediate-release hydrocortisone every 6
hours may be required, with a switch from modified release to
immediate release advocated.?’ The usual dose of fludrocortisone
should be continued. Patients should be provided with a rescue
pack (comprising of hydrocortisone 100 mg ampoule, syringe

and needles) and taught how to administer the hydrocortisone
intramuscularly themselves (or by a carer/spouse) if they are unwell
and unable to take oral hydrocortisone.

Although not specifically for COVID-19, hydrocortisone infusion is
preferred over intermittent bolus administration in the treatment
of adrenal crisis for its avoidance of frequent troughs and steady
maintenance of cortisol as demonstrated in an integrated data
analysis of cross-sectional, observational and pharmacokinetic
studies of 410 patients.*?

Thyroid dysfunction

Aetiology
An exaggerated immune response to the virus and direct viral
infection of the gland has been postulated to be the mechanism
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of subacute thyroiditis in COVID-19.2* The natural course of this
disease typically involves an initial thyrotoxic hyperthyroid phase
followed by hypothyroid phase with subsequent recovery to a
euthyroid state or that of hypothyroidism. Another mechanism
of thyroid pathology is non-thyroidal illness (NTI) syndrome,
characterised by low or normal plasma T4 in the presence of
normal or slightly decreased thyroid-stimulating hormone (TSH).

Data from the COVID-19 population

While the majority of patients with COVID-19 are euthyroid, 13.1%
of inpatients with the condition were found to have an abnormal
thyroid test.** As aforementioned, thyroid pathology in COVID-19
includes subacute thyroiditis, hypothyroidism, thyrotoxicosis and
NTI. In a case series of eight patients with subacute thyroiditis, all
but one were female, with the majority presenting weeks later with
neck pain after their initial presentation of COVID-19 rather than
early in admission.>*

Hypothyroidism was present in 5.2% of 287 hospitalised
COVID-19 non-intensive care unit (ICU) patients in a single-centre
retrospective study, with the majority of them being subclinical
rather than overtly hypothyroid.® The same study found 20.2%
of patients with thyrotoxicosis; however, the study was not
designed to clarify the mechanism of its causation. Furthermore,
dexamethasone therapy used in hypoxic COVID-19 patients may
cause TSH suppression which may result in the erroneous diagnosis
of hyperthyroidism, when this is not taken into account.

Primary hypothyroidism must be differentiated from NTI,
which was evidenced by lower admission TSH and free T4 in
those with COVID-19 compared to those without in a cohort
observational study of 456 inpatients in the UK.3® In addition to
lower TSH values, lower free T3 values correlated with the severity
of COVID-19 in a retrospective study of 50 inpatient COVID-19
patients in China.>’

Management

In most patients with thyroiditis, a wait and see approach is
sufficient as the disease, frequently after a hypothyroid phase,
resolves. In case reports of COVID-19 thyroiditis, steroids and
non-specific beta blockers have been used to manage the initial
hyperthyroid state and can be considered in patients with
marked symptomatic disease.*®3° When hypothyroidism is
confirmed, especially when symptomatic and TSH is >10 mIU/mL,
levothyroxine therapy should be commenced.

To avoid the overdiagnosis of NTI, the authors suggest
testing thyroid function only if there are symptoms to suggest
hypothyroidism (such as fatigue) or hyperthyroidism (such
as palpitations). If this is abnormal, it should be repeated in
3—6 months’ time, as thyroid function tends to normalise at
follow-up in inpatient survivors of COVID-19.3°

Aetiology

Through expression of ACE2 receptors in the pituitary gland,
haematogenous spread and direct viral invasion of the olfactory
nerve are thought to be the main modes of involvement of the
pituitary gland.“® Gene sequencing of the virus had also previously
been identified in the cerebrospinal fluid.*" Direct viral invasion
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of the olfactory nerve is implicated as half of COVID-19 patients
have complete or partial loss of sense of smell (anosmia).*?
Anosmia is also recognised as one of the earliest signs of
COVID-19 infection.”?

Haematological complications from SARS-CoV-2 including
coagulopathy and thrombocytopaenia may contribute to the
haemorrhagic picture of pituitary apoplexy and subsequent
hypoadrenalism.** Secondary adrenal insufficiency occurs in
approximately two-thirds of patients with pituitary apoplexy and is
an important correctable cause of mortality."®

Data from COVID-19 population

Pituitary apoplexy can present with a thunderclap headache,
nausea, vomiting and cranial nerve palsy. There are at least

three cases reported in the literature of pituitary apoplexy in the
presence of macroadenoma and COVID-19, of which one of the
patients had low morning cortisol.“®~ There was one case study
of a pregnant female presenting with pituitary apoplexy and
asymptomatic SARS-CoV-2 infection.“® Further reports may help
determine if there is a causal relationship or if these events are
unrelated, such as an incidental finding of SARS-CoV-2 in a patient
with critical illness.

Management

Pituitary apoplexy should be on the differential in persons
presenting with thunderclap headache. A full workup should
include pituitary profile testing and imaging. Prompt intravenous
corticosteroid replacement should be commenced if there is any
doubt of hypocortisolism such as haemodynamic instability.

All patients with suspected pituitary apoplexy should
undergo SARS-CoV-2 PCR screening during this pandemic.
The European Society of Endocrinology and the Pituitary
Society produced guidance for the management of pituitary
disease during this time. It recommends that patients with
suspected pituitary apoplexy should have urgent brain CT to
facilitate differential diagnosis. They should also continue
to be operated on in an emergent fashion where indication
for surgery is present, such as reduced consciousness level or
reduced visual acuity.50'51

Hyponatraemia

Aetiology

Hyponatraemia occurs in nearly a third of patients with COVID-19.
The cause of hyponatraemia in COVID-19 may be multifactorial.>?
Proinflammatory cytokines such as IL6 stimulate antidiuretic
hormone release causing syndrome of inappropriate antidiuretic
hormone secretion (SIADH). Another mechanism is hypovolemic
hyponatremia as a result of diarrhoea, vomiting and reduced oral
intake. SIADH and hypovolaemia accounted equally to the cause
of hyponatraemia in a retrospective, multicentre, observational
cohort study in patients with COVID-19 across four hospitals in the
USA.>?

Data from COVID-19 population

Hyponatraemia is an independent predictor of severity of
COVID-19 including mortality and need for mechanical



ventilation.>® The link between plasma sodium and mortality
from COVID-19 is U-shaped. A retrospective study of patients with
confirmed or highly suspected SARS-CoV-2 across seven countries
revealed both hyponatremia and hypernatremia to be associated
with higher mortality but only hyponatraemia was associated
with admission to the ICU.> This was likely due to patients with

hypernatremia being older with more comorbidities, and therefore,

less likely to be admitted to ICU.

Management

Patients with hyponatraemia should continue to be treated
according to well-established guidelines. Fluid restriction is the
mainstay of treatment in COVID-19-associated SIADH. In a case
series of COVID-19 associated SIADH, fluid restriction between
750 mL and 1,200 mL daily improved the plasma sodium levels.>®
As with non-COVID-19 individuals, infusion of hypertonic saline
should be considered in the treatment of acute symptomatic
hyponatraemia presenting with seizures and decreased
consciousness level. In a case study of SARS-CoV-2-induced SIADH
manifesting as acute severe hyponatraemia, fluid restriction and
hypertonic saline infusion normalised the plasma sodium levels by
day 4 of hospitalisation.>’

The authors suggest checking serum and urine osmoldality,
urine sodium, thyroid function test and morning cortisol in
patients with unexplained moderate to severe hyponatraemia.
A thorough history including concomitant medications and
volume assessment of the hyponatraemic patient is important to
differentiate between the dehydrated patient who would warrant
fluid replacement and the euvolaemic patient with STADH who
would warrant fluid restriction.

Hypogonadism
Aetiology

Like all other endocrine organs, the testes are also susceptible to
SARS-CoV-2 viraemia. In a cohort study involving 38 patients,
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SARS-CoV-2 was identified in the semen of those acutely infected
and during convalescence.”® However, another study failed

to demonstrate the presence of the virus in the semen of a
COVID-19 patient cohort.*® To date, there have been no studies
to demonstrate COVID-19 effects on the female reproductive
system. However, ACE2 is also expressed in the ovaries and
endometrium.®%¢

Data from the COVID-19 population

Gonadal failure may manifest due to primary failure and, perhaps
more commonly, secondary failure due to critical illness. Primary
gonadal failure as a result of Leydig cell dysfunction and orchitis
has been demonstrated in a case report.®? Lower testosterone
levels were found in patients with COVID-19 managed on the
ICU compared to those on a general medical ward in a series
of 31 patients affected by SARS-CoV-2, suggesting that the
low testosterone levels may be secondary to hypogonadotropic
hypogonadism driven as a result of critical illness.® Aside from
lower testosterone levels, impaired sperm quality and quantity
were also found in moderately affected individuals with COVID-19
in a cohort study of 34 men.® These studies collectively suggest
that SARS-CoV-2 may have an impact on fertility during the
illness.

The drawbacks to the majority of these studies, however, are
the low number of sampled patients and the absence of sperm
analysis in individuals before infection and after recovery.

Management

More studies are required to ascertain the possible long-term
effects on the reproductive system as impaired spermatogenesis
can persist after an insult for up to 3 months.®®

At present, the authors recommend checking early morning
testosterone levels in all patients presenting with signs of
hypogonadism such as reduced libido in 3- and 6-months’ time
after the primary infection (Table 1).

Table 1. Endocrine dysfunctions described in COVID-19 and authors’ suggestions for patients and clinicians

Gonad Pancreas Adrenal Thyroid Pituitary Hyponatraemia
Cases Orchitis HHS Adrenal infarction  Subacute thyroiditis  Pituitary Higher mortality
described in | o0 DKA Euthyroid sick apoplexy and morbidity
COVID-19  testosterone levels Mixed HHS/DKA syndrome linked with severe
) hyponatraemia
Impaired sperm
quality and
quantity
Suggestions Check early Education of Education of Monitor thyroid Consider Use of serum and
for patients morning sick-day rule sick-day rule — function test if checking urine osmolality
and testosterone level;  paview of increase dose of  features suggestive  early morning and sodium
clinicians if symptoms dalbeias hydrocortisone of thyroid pituitary to establish
suggest hypog- meclasiion during acute dysfunction is hormonal profile  the cause of
onadism repeat including illness present including cortisol hyponatraemia
3-6 months after  etformin, Assess hydration
acute fllness SGLT-2 inhibitor status
and GLP-1
agonist

DKA = diabetic ketoacidosis; HHS = hyperosmolar hyperglycaemic state.
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The effects of SARS-CoV-2 on the endocrine system are likely
under-represented. Studies have shown that the gonads, thyroid,

pituitary, adrenals and pancreas can all be affected by the virus as

they all express the ACE2 receptor.

Severe hyperglycaemia and hyponatraemia are both independent

predictors of mortality of this disease.

Guidelines have since been developed during this pandemic
to help guide clinicians in managing patients with diabetes and
adrenal insufficiency as they are at greater risk of complications
and mortality.

Current guidelines are mostly drawn from observational cohort
studies, case reports and autopsy studies. More randomised
controlled trials and follow-up studies are required to assess the
long-term implications of COVID-19 on the endocrine system.

Studies have demonstrated the deleterious effects of COVID-19

on the endocrine system, ranging from pituitary apoplexy to
hypogonadism.
Society Guidelines have been developed to identify and

manage patients with endocrine pathology who are diagnosed

with COVID-19.

Patients with Addison’s disease and diabetes mellitus must be
informed about sick-day rules.

More follow-up research is required to determine the possible
long-term effects of COVID-19 on the endocrine system.
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